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| INTRODUC TI ON
Coastal marine ecosystems have long been a focused issue among microbial ecologists worldwide. Bacterioplankton has long been recognized as a key player in food web dynamics and biogeochemical cycling in the global ocean (Fuhrman, 2009) . The structure and abundance of bacterioplankton involved in the marine microbial cycle (Farooq & Francesca, 2007) are canonical indicators of ecosystem status and the extent of anthropogenic impact on coastal waters (He et al., 2017; Zhang, Wang, et al., 2014) . Several studies found that the distribution of bacterioplankton communities in coastal zones depends on both environmental and spatial processes, and most of the studies revealed that the microbial taxa exhibit distinct biogeographical distribution patterns in the ocean, which are correlated with varying environmental parameters (Delong & Karl, 2005; Seo, Kang, Yang, & Cho, 2017; Wang et al., 2015; Zhang, Zhao, Dai, Jiao, & Herndl, 2014) . In the East China Sea, bacterial biogeography in the coastal waters of northern Zhejiang was found to be highly influenced by spatially structured environmental gradients . In the South Sea of Korea, the bacterial community structures showed statistically significant relationships to spatial characteristics and environmental factors (Seo et al., 2017) . In the Baltic Sea, a strong correlation between salinity and bacterial beta diversity was observed when controlling for geographic distance (Herlemann et al., 2011) . With the growing interest in biogeography, microbial ecologists are attempting to elucidate the mechanisms driving community structure, which is central to understanding the processes underlying the variation and maintenance of microbial communities (Van der Gucht et al., 2007) . The environmental conditions (representing contemporary environmental disturbances, such as contemporary abiotic and biotic environmental variables that influence community composition) and spatial factors (representing legacies of historical events, such as dispersal-related processes) are widely considered to be the major factors driving microbial distribution in multiple environments (Bokulich, Thorngate, Richardson, & Mills, 2014; Ge et al., 2008; Lindström & Langenheder, 2012; Martiny et al., 2006) . The main aim of these studies was to illustrate how biodiversity scales with space, and the extent to which this variation is due to contemporary environmental factors or historical contingencies (Hanson, Fuhrman, Horner-Devine, & Martiny, 2012) .
Studies on parsing the relative importance of environmental or spatial factors for the local community structure had been conducted in several habitats across different spatial scales (Beisner, Peres-Neto, Lindstrom, Barnett, & Longhi, 2006; Martiny et al., 2006; Martiny, Eisen, Penn, Allison, & Horner-Devine, 2011; Van der Gucht et al., 2007) . Most of these studies in aquatic systems were focused on the "island-like" habitats from a diverse range, such as lakes or marsh sediments, which provided relatively constant environmental conditions (Beisner et al., 2006; Martiny et al., 2011) . While there are relatively few studies in local and regional marine environments, a significant geographic gradient of marine bacterial plankton diversity was observed on the worldwide scale (Fuhrman et al., 2008) , and many studies verified the spatial patterns of bacterial richness and evenness in the coastal marine environment (Du et al., 2013; Pommier et al., 2010; Wang et al., 2015; . However, there are few quantitative studies revealing the role of environmental and spatial processes in structuring bacterial community composition in the inner bay environment.
Anthropogenic factors have significant effects on the semi-enclosed bay, which was one of the most studied coastal ecosystems over the last decades (Caddy, 2000; Peng et al., 2012; Qiao, Feng, Cui, & Zhu, 2017; Shi, Li, & Wang, 2011) . Bohai Bay is a typical semi-enclosed bay with a warm-temperate marine monsoon climate situated in the western region of Bohai Sea in the north of China, less influenced by current trends and weakly exchanged with the open sea, surrounding by the metropolitan area of Tianjin, Hebei, and Shandong provinces. The increases in port construction, chemical and shipbuilding industries, and aquaculture development have accompanied the urbanization of the Tianjin coastal area over the last two decades (Qiao et al., 2017) . It was reported that the seawater quality has deteriorated rapidly in recent years.
Many studies of this area had focused either on the primary pollutants such as nitrogen and phosphate enrichment Qiao et al., 2017) , heavy metal pollution (Zhu, Xie, Li, Ma, & Xu, 2017) or on the aquatic plants and animals (Guo, Li, & Zhang, 2014; Qiao et al., 2017; Yang et al., 2018) . By contrast, studies on microorganisms in the Bohai Bay are relatively few, this research focused on the region of Bohai Bay, which is relatively stable and suitable for biogeographical research.
Surface water samples ranged from nearshore to offshore areas across Bohai Bay from north to south and west to east on a scale of about 1-100 km were analyzed based on the sequences of the V4 region of the 16S rRNA gene, and we would like to know: (a) how the bacterioplankton community in such a complex coastal marine system distributed in the "local" bay environment; (b) how the bacterioplankton community composition is influenced by the local environment and spatial factors, since the relative roles of local environment versus.
regio-spatial influences have rarely been compared in the inner bay environment (Lear, Bellamy, Case, Lee, & Buckley, 2014) . water quality automatic analyzer, WTW, Germany) which was calibrated according to the operating manual. The conductivity calibration was conducted using a 0.01 M KCl solution, and the pH was set using two-point calibration with standard buffer solutions of pH = 7 and pH = 10. The oxygen concentrations were determined on board using the Winkler method (Carpenter, 1965 
| MATERIAL S AND ME THODS

| Sampling, DNA extraction, and measurement of environmental parameters
| Bacterial 16S rRNA gene amplification and Illumina MiSeq sequencing
The extracted DNA was quantified using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific). The V4 region of the bacterial 16S rRNA genes was amplified using primers F515 (5′ -GTG CCA GCM GCC GCG GTA/A3′) and R806 (5′ -GGA CTA CHV GGG TWT CTA AT -3′) (Caporaso et al., 2011) with the reverse primer modified to contain a unique 12 nt barcode at the 5′ end. An aliquot comprising 12.5 ng of purified DNA template from each sample was amplified in triplicate using a 25 μl reaction system under the following conditions: denaturation at 95°C for 3 min, followed by 25 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s, with a final extension at 72°C for 5 min. A sample comprising 1 µl of the PCR product was loaded onto a Bioanalyzer DNA 1000 chip to verify the size. Using the V4 primer pairs in the protocol, the expected size on a Bioanalyzer trace after the amplification PCR step was ~380 bp. Next, AMPure XP beads were used to purify the 16S V4 amplicon, removing free primers and primer dimers. The dual indices and Illumina sequencing adapters were attached to the above products using the Nextera XT Index Kit with a 50 μl reaction system under conditions of 95°C for 3 min, then 8 cycles of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 30 s, with a final extension at 72°C for 5 min. The polymerase chain reaction amplicons were purified using AMPure XP beads; the library was validated on a Bioanalyzer DNA 1000 chip to verify the size; and the expected size of the final library on a Bioanalyzer trace was ~460 bp. The DNA concentration was quantified using the Quant-It Pico Green kit (Invitrogen) with a Qubit fluorometer (Life Technologies). An equimolar amount of each PCR amplicon was combined into one pooled sample and run on an Illumina MiSeq sequencing machine (Illumina, Inc.), producing F I G U R E 1 Location of the nineteen sampling sites (a) and clustering result (b) of the environmental factors sampled from the nineteen sites. Signals with red color represent sites which were located in the north of Bohai Bay (group 1); signals with yellow color represent sites which were located in the south of Bohai Bay (group 2); signals with green color represent sites which were located in the east of Bohai Bay (group 3) 250 bp paired-end reads from the reverse direction, containing 806R with the barcode.
| Processing of the sequencing data
The paired reads were joined using FLASH (Magoc & Salzberg, 2011) with default settings. The joined pairs were then quality-filtered and checked for chimeras using the QIIME workflow (Caporaso, Kuczynski, et al., 2010) . Briefly, the bacterial reads whose lengths were outside the bounds of 200 and 450 bp and cases in which the homopolymer run exceeded 6 were removed using the NGSQC Toolkit v2.3 (Patel & Jain, 2012) . The remaining sequences were analyzed and the chimeras removed using USEARCH (Edgar, Haas, Clemente, Quince, & Knight, 2011) . Sequences with the same barcode were then assigned to the same sample (Caporaso, Kuczynski, et al., 2010) . Bacterial phylotypes were identified using UCLUST (Edgar, 2010) and assigned to operational taxonomic units (OTUs) based on 97% similarity. The most abundant sequence of each OTU was selected as the representative sequence. The representative sequences were classified taxonomically according to the Greengenes database (Desantis et al., 2006) and aligned against a template alignment of the Greengenes database using PyNAST . The singletons and sequences classified as Chloroplast, Mitochondria, Archaea, Eukaryota or unknown kingdom were removed. To avoid sample-size-based artifacts, we used a randomly selected subset of 3,000 sequences (corresponding to the smallest sequencing effort for any of the samples) per sample to calculate the diversities and distances between samples. The Biological Observation Matrix (BIOM) obtained was analyzed using the sum-marize_taxa.py script in order to obtain the relative abundance of each taxonomic group for all samples (Caporaso, Kuczynski, et al., 2010 ).
| Statistical analysis
Cluster analysis was performed to evaluate the overall variation trend of environmental factors based on Gower distances (Flynn, Mirotchnick, Jain, Palmer, & Naeem, 2011) . Before the cluster analysis, the raw environmental data were standardized using the equation SNDE = (x − mean of the raw data)/standard deviation of the raw data, where SNDE represents the standard normal deviate equivalents and x represents the raw data for one sample (Zhang, Wang, et al., 2014) . The differences of each environmental factor among different groups were analyzed using one-way ANOVA.
Pearson's correlation coefficients were calculated to measure the relationships between the abundant OTUs and chemical variables.
Principal coordinates analysis (PCoA) was performed to evaluate the overall differences in microbial community structure based on weighted UniFrac distances and Bray-Curtis distances. The analysis of similarities (ANOSIM) and permutational multivariate analysis of variance (PERMANOVA) were then employed to test the significance of differences among the BCCs using Vegan's function anosim () and adonis () (Anderson, 2001; Clarke, 1993; Oksanen et al., 2019) . Alpha-diversity estimates were calculated using QIIME with multiple indices (observed species, Shannon-Wiener index, and phylogenetic diversity).
| Relationship between environmental factors and bacterial alpha diversity
The difference of bacterial alpha diversity among all sites and groups was analyzed using one-way ANOVA. Pearson's correlation coefficients between geo-physico-chemical variables and bacterial alpha-diversity indices were calculated to measure the relationships between them. To address how environmental and spatial factors affect the microbial alpha diversity in Bohai Bay, the partial least squares path modeling (PLS-PM) algorithm (Hair, Sarstedt, Pieper, & Ringle, 2012) (Tenenhaus, Vinzi, Chatelin, & Lauro, 2005) . During the modeling, all variables were tested to assess the indicator reliability and maximize the efficiency of PLS-PM.
Indicator reliability (the indicative ability of MV for its LV) is usually determined by the construct loadings, and we selected those MVs with loadings significant at the 0.05 level and above the recommended 0.7 parameter value for each LV. Loadings greater than 0.7 are considered acceptable (Sanchez, 2013) . Model parameters (the path coefficients, the loadings, and communalities of the MVs) and fit indices (R 2 ) were validated by bootstrapping. The significance of the path coefficients was estimated at the 0.05 level. The PLS-PM algorithm was implemented using the package "plspm" in the R environment (Sanchez, 2013) .
| Relationship between environmental or geospatial factors and bacterial beta diversity
When analyzing the relationship between beta diversity and environmental/spatial factors, the distance matrices based on Bray-Curtis and weighted UniFrac distances were averaged among the triplicate samples for each site before the correlation analysis.
Simple and partial Mantel tests were used to test the correlations of geographic distance and environmental variables with bacterial beta diversity. Subsequently, a Mantel correlogram was used to examine the significance of distance effects on beta diversity across a subset of different geographic distance scales (classes) among the sampling stations (Wang et al., 2016) . Pairwise geographic distances between sites were calculated using the distm () function from the geosphere R package (Robert, 2019) . In order to investigate the relative contributions of spatial and environmental parameters to the variation of BCC, variance partitioning analysis (VPA) (Borcard, Legendre, & Drapeau, 1992) was conducted by combining the environmental factors, linear trends, and principle coordinates of neighbor matrices (PCNM). The PCNM analytical approach was able to indicate whether the variation of responsible variables was caused by undetected environmental factors with a similar spatial structure (Borcard, Gillet, & Legendre, 2011) . Before we conducted this analysis, the raw environmental data were log-transformed and the species data were center-transformed using the Hellinger transformation (Legendre & Gallagher, 2001) . Environmental factors, as well as spatial variables derived from geographic coordinates using both linear trends and PCNM procedure (Griffith & Peres-Neto, 2006) , were forward-selected by sequentially adding one variable that improves the selection criterion (R 2 ) the most at each step, until no further improvement of R 2 was observed. In all models, the significance was tested through 999 permutations and all the R 2 values were calculated and adjusted as described in the literature (Peres-Neto, Legendre, Dray, & Borcard, 2006) .
| RE SULTS
| Geo-physico-chemical characteristics of the seawater environment
The geographical coordinates and 17 environmental parameters of 19 seawater samples were summarized in Dataset S1. Clustering analysis based on all environmental factors of each site showed that the 19 sites can be classified into three groups (Figure 1b ). The classified groups showed obvious geographic segmentation on the sampling map ( Figure 1a ). Almost all of the measured environmental variables (except salinity and soluble reactive silicate [SRSi]) were significantly different among the three clustered groups (Table A1 ). The dissolved inorganic nitrogen (DIN) concentrations in the north, south, and east region were, respectively, inferior to Category IV, Category III, and Category II seawater quality according to the Sea Water Quality Standard of China (Tables A1   and Table A2 ) (MEP, 1997) (the classification standards for clean water, relatively clean water, slightly polluted water, medium polluted water, and heavily polluted water were listed in Table A2 ).
The environmental variability was significantly increased with geographic distance (Table A3 ).
| Distribution of taxa and phylotypes
Across all the 19 seawater samples, a total of 652,037 high-quality sequences were obtained (three replicates for one sample) and 3,066-30,493 sequences per sample (mean = 11,445). Two cases (one replicate of sample TJ17 and one replicate of sample TJ20) with less than 1,000 sequences, as well as three samples with biased community composition, were excluded from analysis Table A4 ). The relative abundance of OTU65886 (member of Flammeovirga from Bacteroidetes) and OTU5954 (member of Flavobacteriaceae from Bacteroidetes) was significantly higher in the nearshore north region (group 1) than in the other two groups and significantly positively correlated with nitrogen nu- Alphaproteobacteria) was significantly higher in the south and east region (groups 2 and 3) than in north region (group 1) and negatively correlated with nitrogen nutrients (Figure 3 , Table A4 ). In addition, OTUs identified as Bacteroidaceae, Porphyromonadaceae, Prevotellaceae, Sphingobacteriaceae, Enterococcus, Ochrobactrum, Achromobacter, Arcobacter, and Enterobacteriaceae showed relatively high abundance only in TJ02 (Figure 3 ).
| Bacterial alpha diversity
The bacterial alpha diversity was calculated for each sample with three replicates, including phylogenetic diversity (PD), observed species (OTU richness), and Shannon-Wiener index (Shannon) ( Table 1 ).
Significant differences were tested between sites in the offshore (TJ13) and sites in the nearshore (TJ28, TJ06). However, there were no significant differences of alpha diversity among the three regions grouped according to the environmental clustering results (Table A5 ).
| Investigation of the relationship between bacterial alpha diversity and environmental/ spatial factors
Bacterial alpha-diversity estimates according to OTU richness and Shannon index were significantly negatively correlated with ammonia nitrogen ( Table 2 ). The results showed that most of the environmental factors were not significantly correlated with alpha diversity of the BCC in the surface waters of Bohai Bay.
F I G U R E 3
Taxonomic identities of the 36 OTUs serving as indicator taxa which were significantly correlated with the pollution parameters measured. The diameters of the circles are proportional to the abundances of the OTUs, with the size of the circle indicating the average abundance of each OTU at a given site. The relative abundance of each OTU was listed in Dataset S2. *p < .05; **p < .01; ***p < .001 TJ01 TJ02 TJ04 TJ06 TJ21 TJ11 TJ12 TJ15 TJ16 TJ23 TJ26 TJ27 TJ28 TJ09 TJ13 TJ14 TJ17 TJ20 The goodness of fit (GoF) of PLS-PM analysis was 0.6046, which indicated that the prediction power of this model was close to 60%. The constructed path model (Figure 4) showed that the path coefficients between geographic location and chemical (0.7439, p = .005), as well as physical (0.7984, p < .0001), environmental variables were more significant and relatively higher than the coefficient with bacterial alpha diversity (0.2048, p = .123).
The correlations between microbial alpha diversity and other LVs
were not significant (the details of the PLS-PM are shown in the Appendix, Table A6 ).
| Bacterial beta diversity
The results of PCoA using the Bray-Curtis distance metric showed that the bacterial assemblages from the three groups clustered according to environmental factors and geographic locations were weakly separated, with the first coordinate explaining 17.73% of the variance and the second coordinate explaining 12.98% (Figure 5a ).
PCoA analysis based on the weighted UniFrac distance metric revealed an overlap between most of the sampling stations, except for bacterial communities in TJ02, TJ21, TJ14, and TJ24, with the first coordinate explaining 29.27% of the variance and the second coordinate explaining 15.62% (Figure 5b) . Notably, significant differences were found among the three groups using the Bray-Curtis distance matrix (ANOSIM, R = .3751, p = .0001; ADONIS, R 2 = .05695, p = .049), but not the weighted UniFrac distance matrix (ANOSIM, R = −.006712, p = .528; ADONIS, R 2 = .04824, p = .228).
| Investigation of the relationship between bacterial beta diversity and the environmental/ spatial factors
We identified significant distance-decay relationships in the studied area. The weighted UniFrac and Bray-Curtis distances of bacterial communities (beta diversity) were both significantly correlated with geographic distances (Pearson correlation, N = 170, p < .001; Figure 6 ).
The Mantel test based on the Bray-Curtis distances and weighted
UniFrac distances both showed that geographic distance as well as environmental distance, were significant individual determinants of community composition. At the same time, stronger geographic distance effects on beta diversity were observed when controlling for environmental variations compared with environmental effects when controlling for geographic distance using either of the two distance matrix methods ( Table 3 ). The Mantel correlogram showed a positive spatial correlation in beta diversity at short geographic distance scales of 0-7 km, and a negative spatial correlation at geographic distance scales of 19 km-31 km (Bray-Curtis similarity distance) and 79 km-91 km (weighted UniFrac distance) ( Figure A4 ). However, on the rest of the spatial scales, the spatial correlation was not significant in the studied area of Bohai Bay. The VPA results performed on the OTU matrix showed that the spatial linear trend together with the spatial factors derived from the PCNM procedure contributed 9.9% to the variation of BCC; however, neither of their effects were significant (bootstrap test for trend fractions, p = .075; bootstrap test for PCNM fractions, p = .098) after controlling for other variables; the pure environmental factors accounted for 8.4% (bootstrap test for Env fractions, p = .012); and conductivity and nitrite were reserved in the environmental factors after the forward selection. Additionally, 9.1% could be attributed to the interaction between environmental variables and spatial parameters (Figure 7a ), demonstrating the strong influence of the spatial scale and environmental variables. The results of VPA performed on the principal coordinates based on the weighted UniFrac distance matrix showed a weak contribution of pure environmental factors, trends, or PCNM on the BCC variation, but the interaction between environmental variables and spatial parameters accounted for 16.5%
of the variation, which underscored the strong combined influence of spatial factors and environmental variables (Figure 7b ). However, a large proportion of the variation (70.8%-72.6%) across all bacterial taxa could not be explained.
| D ISCUSS I ON
| The distribution of bacterial taxa indicating the pollution in different areas of Bohai Bay
In the local areas of Bohai Bay, there were distinct patterns among different regions. At the phylum level, Cyanobacteria were obviously higher in TJ14 than in other sites and the most abundant genus of it was Synechococcus, and it was reported that Synechococcus It was often reported as particle-attached bacteria in marine environments (Crump, Armbrust, & Baross, 1999) and correlated with a high nutrient content (Pommier et al., 2007) . The nutrient-content varied coast of Bohai Bay may provide different proper environment for the enrichment or decrement of several members of it.
Members of Rhodobacteraceae are purple, photosynthetic bacteria that have the ability of nitrogen fixation and denitrification (Zumft, 1997) and were abundant across most samples as they are the pioneering and dominant microorganisms on submerged surfaces and organic particles, acting as primary colonizers in aquatic environments (Dang & Lovell, 2002 Elifantz, Horn, Ayon, Cohen, & Minz, 2013) . Their significant correlations with nitrogen nutrients or SRP indicate that they contribute to the N or P cycling in the studied area of Bohai Bay. In addition, members of Kiloniellales, Phyllobacteriaceae, and Methylophilaceae all showed significant correlations with nitrogen nutrients and different distribution patterns in the three groups, which all had been reported to participate in nitrogen cycling (Imhoff & Wiese, 2014; Kalyuhznaya et al., 2009; Willems, 2014) .
Members of Bacteroidaceae, Porphyromonadaceae, Prevotellaceae, Sphingobacteriaceae, Enterococcaceae, Ochrobactrum, Achromobacter, Arcobacter, and Enterobacteriaceae which showed significant correlations with AN or SRP were only exhibited with higher abundance in TJ02. However, these families contain many sewage-associated bacteria or pathogens (Finkmann, Altendorf, Stackebrandt, & Lipski, 2000; Pitout & Laupland, 2008; Su & Liu, 2007) , although they are reported to have a nitrogen fixation or denitrification ability (Youatt, 1954; Zumft, 1997) which may be responsible for their correlation with the nutrients, it is more likely that they are indicators of anthropogenic contamination in the studied area. Not unexpectedly, a sewage outlet was found near the TJ02 station, which explained that the TJ02-exclusive taxa were most likely originated from a point source pollution.
As described above, several taxa showed distinct pattern or sensitivity to the different pollution conditions of different regions in Bohai Bay, and these taxa may be good indicator species for environmental monitoring with their abundances significantly correlated with the pollution parameters. For taxa which did not show obviously regular distribution pattern along with the variation of pollution parameter, evidences of human interference may explain for the uncertainty.
| Bacterial alpha diversity was mainly affected by AN in Bohai Bay
The OTU richness and Shannon index were significantly negatively correlated with AN. However, in other studies of similar environments, higher richness was often observed in coastal rather than offshore areas (He et al., 2017; Richa et al., 2017; Shan et al., 2015) .
Nevertheless, in Guanabara Bay lower richness was observed in the more polluted inner bay water (Vieira et al., 2008) , and in the coastal region of Zhejiang area, a negative correlation between AN and bacterial alpha diversity was also detected, although it was not significant . We compared the AN contents in the listed studies and found that it was highest in Guanabara Bay (0-96.5 μM) (Vieira et al., 2008) and lowest in the Gulf of Naples (0.45-8.22 μM) (Richa et al., 2017) , while the AN contents in our study ranged from 0.35-13.53 μM, which was relatively higher than that in the Gulf of Naples. It stands to reason that there may be a positive relationship between bacterial alpha diversity and AN within a certain range, but when the threshold is exceeded the relationship would be changed.
Of course, much more surveys need to be done with sampling on a broader scale and perhaps also laboratory experiments. The PLS-PM results suggested a weak influence of geospatial or physico-chemical 
| The role of environmental and spatial factors in structuring bacterial communities
There was a significant distance-decay relationship in the studied region. A comprehensive review highlighted that environmental selection and dispersal limitation were major processes leading to a distance-decay relationship (Hanson et al., 2012) . Distance-decay in similarity of microbial communities in aquatic ecosystems occurred across various spatial scales ranging from 20 m (Lear et al., 2014) to intercontinental scale (Hanson et al., 2012) . Bohai Bay with a regional size of about 100 km can be classified as an intermediate scale, for which both environmental and spatial factors were recognized as important for community variation (Martiny et al., 2006) . In this study, stronger effects of geographic distance than environmental factor on the variation of beta diversity were detected through the partial Mantel test. It seemed that the dispersal limitation accounted more for the beta-diversity variation than the environmental heterogeneity. In addition, the VPA results showed that the share of spatial (trend and PCNM) and environmental factors both accounted for the maximum proportion in the explained part under the two matrices (Bray-Curtis and weighted UniFrac), demonstrating the strong influence of both spatial and environmental variables on the BCC variation. Considering the significantly increased environmental variability with geographic distance, it can be speculated that it is the joint effects of environmental and spatial factors that contributed to the explained variation of BCC in the studied area.
The explained fraction compared favorably with other studies in aquatic systems and was almost equal with the explanation of bacterial community variation in Quebec lakes (Beisner et al., 2006) and rock pools at the Baltic Sea coast (Langenheder & Ragnarsson, 2007) . In these two studies, environmental factors both contributed more to the BCC variation than the spatial variables, and the environmental factors accounted for most of the explained variation.
However, in our study spatial and environmental factors accounted for the largest part of the explanation. A similar study in the coastal region of Zhejiang, East China Sea, achieved a total explanation of 80%, with spatial factors contributing more to the BCC variation than environmental factors . In said study, the area crossed eight coastal regions including several bay areas, and compared with it, the low explanation in our study may be caused by the small sampling range. However, we offer an analysis of an important local bay that had never been reported.
The low explanation and unexplained part might be attributed to the following reasons: Firstly, dispersal limitation is stronger in isolated habitats and solid substrates but weaker in the pelagic marine environment where ocean currents facilitate microbial dispersal (Hanson et al., 2012) . Meanwhile, the sampling time of this study was during the rainfall periods which may contribute to water inputs (the Jiyun river and Haihe river pour into the Bohai Bay), potentially yielding more similarly composed bacterial communities due to the movement of water masses (Langenheder & Ragnarsson, 2007) . Secondly, unmeasured variables may contribute for the unexplained BCC variation, which may include abiotic environmental variables such as heavy metals, which constitute a known ecological risk in Bohai Bay , as well as TOC (Zheng, Wang, & Liu, 2014) and DOM (Judd, Crump, & Kling, 2006) , or biological factors such as chlorophyll a (Qiao et al., 2017) , macrophytes, and phytoplankton composition (Niu et al., 2011; Wu et al., 2007) . Nonetheless, the main factors which were reported as significant determinants (temperature, DO, salinity, pH, COD, nitrite, nitrate, AN, SRSi, and SRP) were mostly included in this study. In the simple Mantel test, the conductivity, transparency, and nitrogen salts (DIN, AN, nitrate) were detected correlated with beta diversity significantly, which were reported as important factors in structuring the bacterial community (Merlo et al., 2017; Wang et al., 2015; Zhang et al., 2018) . However, factors such as DO (Wright, Konwar, & Hallam, 2012) , pH (Lindh et al., 2013) , and salinity (Lozupone & Knight, 2007) which had been extensively reported as major determinants in microbial community composition in marine environments were not identified as top factors shaping the BCC in this study. The low explanation may therefore be caused by the narrow scale of these environmental factors among the collected samples or may be their effects were masked by the complex physical features in Bohai Bay at the time of sampling. Finally, it has been argued that microbial communities are largely regulated by stochastic events resulting in random community assembly (Sloan et al., 2006) . The Mantel correlogram indicated a patchy distribution of communities across most of the spatial scales, suggesting a somewhat random distribution of bacterial communities with geographic distance. The random anthropogenic activities, such as the draining of industrial wastewater and/or domestic sewage, may have caused the microbial community to enter a state of unstable nutrition which subsequently affect the total BCC transiently (He et al., 2017) , as evidenced by the relatively high abundance of TJ02-exclusive taxa. It is therefore possible that we can only explain 27.4%-29.2% of the total variation in BCC among the stations because the communities are truly randomly assembled to a large extent.
Nevertheless, in view of the complex interactions of multitudinous factors that form the basis of the community composition and distribution in coastal areas and adjoining harbors (He et al., 2017) , more elaborate work is still needed to elucidate the formation mechanism of microbial communities in the natural environment. This is the key to understanding the mechanisms that generate and maintain microbial biodiversity and predicting ecosystem responses to future environmental changes (Martiny et al., 2011) .
| CON CLUS IONS
This study contributes the first overview of bacterioplankton community distribution and environmental/spatial factors that affect its variation in Bohai Bay using 16S rDNA targeted amplicon sequencing. We found that the environmental factors exhibit spatial autocorrelation in the studied area, and the samples could be classified into three groups according to the environmental and spatial factors. We also identified the bacterioplankton taxa with significant differences among the three groups, which may indicate the effects of the pollution gradient and of dispersal limitation. However, the alpha and beta diversity of the bacterioplankton among all the sites did not exhibit an obvious consistent variation trend with the segmentation of the environmental and spatial factors. A distance-decay relationship was found between the bacterioplankton community similarity and geographic distance. The partial Mantel test showed a stronger effect of geographic distance than the environmental factors on the beta diversity. The variance partitioning analysis showed that environmental and spatial factors contributed most to the explained proportion. We therefore speculated that it was the joint effects of environmental and spatial factors that contributed to the explained variation of BCCs in the studied area of Bohai Bay.
The large unexplained part may be caused by the unmeasured biotic/abiotic factors, stochastic factors, and anthropogenic dis-
turbances. This study of planktonic bacterial community in Bohai
Bay provides new insights into the microbial ecology of a semienclosed bay.
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Relative abundances of the dominant taxa in 19 seawater samples of Bohai Bay at genus level. Relative abundances of the phylotypes in the top15 were presented and others represented the sum of the rest phylotypes
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Mantel correlogram demonstrating the significance of distance effect on bacterial beta-diversity across a subset of different geographic distance scales (classes) among the sampling stations. Pearson correlations between the pairwise matrix of Bray-Curtis distance (a) or weighted Unifrac distance (b) and geographic distance between stations within each geographic distance class were generated by Mantel tests with 999 permutations. Significant correlations (p < .05, solid squares with positive values) indicate spatial correlation in betadiversity, observed at short geographic distance scales among the sampling station
